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A B S T R A C T
T h e  C hapm an-M iller m ethod o f calcu lating harm onic coe ffic ien ts  for  
lu n i-so la r  daily  variations is  here  applied to the hourly  values o f the m agnetic 
elem ents at Sitka, Alaska fo r  the p eriod  1902-1952. The form ation  o f the group 
sum  sequences for  groupings o f the data a ccord in g  to so lar activ ity , m agnetic 
a ctiv ity , lunar phase and lunar distance using punched ca rd  m ethods is d escr ib ed .
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1. Introduction
The purpose o f this ion osp h eric-geom agn etic  investigation is to determ ine 
the lu n i-so la r  tidal e ffects  in the upper atm osphere at Sitka, A laska, from  the 
observations of the m agnetic variations at the su rfa ce . The m ethod em ployed 
is that developed by Chapman and M iller*  and illu strated  by Tschu^» This 
rep ort d escr ib es  the punched card  m ethods n e ce ssa ry  in the p re lim in ary  stages 
o f the calcu lation .
The daily  geom agnetic variations are o f two kinds, so la r and lu n i-so la r . 
They provide in form ation  concern ing the com bined e ffects  o f the m ovem ents and 
conductivity -  and th erefore  the ionization  -  o f the ion osph ere . This in form ation  
is  d ifferent from  and supplem entary to that provided  by d ire ct  rad io exploration  
m ethods. In p a rticu la r , the com bined e ffects  shown by the daily  m agnetic 
variations depend on the la r g e -s c a le  general distribution  o f m otion and ionization 
o f the upper atm osphere whereas radio m ethods provide m ore  d ire ct  but lo ca l 
in form ation , m ainly as yet concern ing only the ionization .
1. S. Chapman and J. C. P . M ille r , "T he Statistical Determination o f Lunar 
Daily V ariations in Geom agnetic and M eteoro log ica l E lem ents, " Monthly 
N otices o f  R . A. S. G eophysical Supplement 4 f 649 *669 (1949).
2. K. K. T sch u , ” On the P ra ctica l Determination o f Lunar and L u n i-so la r  Daily 
Variations in Certain G eophysical Data, " Australian Journal o f S cientific R esea rch  
R esea rch  A , 2, 1-24 (1949).
3. S. Chapman, "T he Calculation o f the P robab le  E rror  o f D eterm inations o f 
Lunar D aily H arm onic Component Variations in G eophysical Data: A  C o r r e c t io n ,"  
A ustralian Journal o f S cientific R esea rch  A , 5, 218-222 (1952).
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The lunar daily  geom agnetic variation , though sm a ll, is worth m uch 
further investigation  than it has yet re ce iv e d  because iri it a lunar tidal m ov e ­
m ent o f the a ir o f a known type acts in conjunction with the distribution  o f 
ion ization  governed by the sun. On the other hand in the so la r daily variation  
the sun con tro ls  the heating and ion ization  as w ell as gravitational tidal e ffects  
so  that the latter is le ss  ea s ily  disentangled.
The lunar daily  geom agnetic variation  is so  m uch sm a ller  than the so la r 
daily  variation  and the irregu la r  e ffects  o f m agnetic d isturbance that it is 
n e ce ssa ry  to use hou rly  or b ihourly  data extending over m any years for  its 
determ ination . This is p articu larly  true when it is d esirab le  to group the data 
a ccord in g  to sev era l d ifferent fa c t o r s ,  such as season , m agnetic activ ity , 
sunspot activ ity , and lunar d istan ce, to a scerta in  how they m odify  the variation .
V ery  little w ork has been done on the lunar tidal variation  at stations 
o f high geom agnetic latitude such as Sitka, C ollege , or Point B arrow . This 
is  due partly  to the sm all num ber o f observations at these latitudes, m ost o f 
the stations only being set up fo r  short p eriod s as during the International 
P o la r  Y ea rs , and partly  to the volum e o f  w ork requ ired  to produ ce the resu lts . 
As Sitka has been in continuous operation  sin ce 1902, it is idea lly  suited for 
such an an a lysis . A lso  the use o f punched card  m ethods o f ca lcu lation  recen tly  
available con sid erab ly  reduces the labor involved,
The p oss ib ility  o f determ ination o f the lunar variation  in the fifty -on e  
yea rs  o f data is assu red  as a su ccess fu l analysis has a lready been m ade on a
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portion  o f the data by Hughes^. This w ork , h ow ever, re lated  only to the declina* 
tion , and the grouping o f the data was m ade only with regard  to season  (w inter, 
su m m er, equinox) and m agnetic activ ity  (quiet, ord in ary , d isturbed , very  
d isturbed). His resu lts w ill se rv e  as a guide and independent ch eck  o f  the 
p resen t ana lysis .
The C hapm an-M iller m ethod o f analysis uses groups o f  daily  sequences 
o f S + 1 values each (S = 24 when hourly  data is  u sed ), the last being fo r  the 
initial hour o f the succeeding day. Each daily  sequence m ay be ch a ra cterized  
by a num ber o f d ifferent param eters and m ay be com bined  in m any d ifferent 
ways with other sequences a ccord in g  to these p aram eters . The im portant 
grouping fo r  perform in g  an analysis fo r  the lu n i-so la r  variation  is  that by the 
lunar phase num bers, here given from  0 to 11, each representin g  the increasing  
age o f the m ean m oon to the n earest whole hour (i. e . 0 m ay re fe r  to either the 
new m oon or the fu ll m oon). Other groupings o f the sequences m ay a lso  be m ade 
such as by season  or  m agnetic activ ity  but these m ust each be divided into equal 
lunar phase grou ps, and hence do not a ffect the cou rse  o f the analysis .
The m ethod p roceed s  by f ir s t  sum m ing the values o f the elem ent fo r  each 
o f the S + 1 (= 25 fo r  the present w ork) hours over the Nr daily  sequences to 
obtain sequences o f 25 hourly  group sum s . These 25 sum s are  then h a r­
m on ica lly  analyzed accord in g  to the form u la s: r  1 . 2 , 3 ,  4 )
4. G. W. Hughes, "T h e Lunar Diurnal V ariation o f M agnetic D eclination at 
Sitka (57N 135W) 1 9 0 2 -1 9 2 2 ,” Thesis (Unpublished) U niversity o f M anchester, 
England, (1927).
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A„r = E  . } »  e o . ( S f U ' )  + * ( g Sr - 3 . J .
Bpr =  + K j , r -  3 "  ) ~ f  C f )
in which the non-periodic variation is allowed for by the second term in each
it
equation. The sequence of sums £  ts ^  Tsrf over the twelve groups is
J n o  J
also analyzed in the same way,
A f „ = Z  % „  c c s ( — | ip ) + i ( j s 'N  ~ > n )
b p«  =  £  3 s"  sm  ( ~ t %Py: + K 9 s n ~ ] » n)
using the relations
hpH zz ZZ  B p M = . E l
to check the results, A secondary harmonic analysis is then performed on each
of the sequences of 12 numbers Nrr Aprf and Bpr according to the formulas:
■Nj* = £  Nr cos ( t )  N ia =  Z  Nr sin ( ^ j
AfU =  . £  Apr .cos f e j  A w  = E  V s '“ ( t F)
ftO V ® t rO '
e w =  E  e pr m s ( - y )  B f B , r , e f r « n ( i r j
The quantities Up and Vp are then calculated by
Up — (A  j>^ ~ ~  ^ ~ and
Vp s. (B p K+  Apj^j “ “ mhetc M =. Hr
Then the numbers L„ and (r> = 1,2^3,A) are derived from the formulas
L/n sir? A‘h — Zu ( D fn^/K y Up and
( o ^ A ) V f
• 5
where
Sn
K . o A m .  S N ' [ l  -  ^ n ,*  +
*= h “  <[/b%S-$04 ,
Jand D^pgis given by the determinant whose elements are (-!) $mp3 or 
f - l f V i M T C n - p )  | c o t  [ I S ^ £ I ]  +  COS
f*-p I
The factors (-•«) Qh^ and are her« tabulated for the case of hourly data 
2V-(S a q = 2 and for n = 1 ,2 , 3 ,4 ; p = 1, 2, 3 ,4 .
T A B L E  1
I
n p * 1 2 3 4
1 .92676 .02978 .01049 .00549
2 13893 .96084 .04141 .01651
3 -.10113 -.10485 .97247 .04742
4 -.08885 - .  06705 -.09322 .97848
n p 8 1
Dmjtf
2 3 4
1 1, 0722 *. 1476 . 1216 -.1191
2 .0347 1.0299 -.1037 .0773
3 -.0105 .0470 1.0176 - .  0928
4 .0049 -.0159 .0517 1.0155
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i  *The and Ah m ust then be c o r r e c te d  fo r  the longitude and the proportion s
o f  the data re fe rr in g  to instantaneous values com p ared  with that re fe rr in g  to 
average hourly  va lues. F ina lly , the probable e r r o r s  o f the resu lts  m ust be 
ca lcu lated .
In this rep ort the operations d escr ib ed  are those in which the group sum s 
are  obtained by punched ca rd  m ethods.
2. The Data
The data used a re  the hourly  values o f the three m agnetic elem ents 
H (horizontal intensity), V (vertica l intensity) and D (declination) as re co rd ed  
at the Sitka M agnetic O b serva tory  (geom agnetic coord inates 60*N, 85*W) by 
the United States C oast and G eodetic Survey. The published values are  given 
fo r  each Sitka day (l*1 to 24*1 lo ca l tim e) as a tabu lar base plus positive  o r  nega> 
tive three o r  four digit num bers. The horizontal and v ertica l intensity is given 
in gam m as (10"5 Gauss) and the east declination  in tenths o f m inutes. F or the 
p eriod  b e fore  1915 the tabular values rep resen t instantaneous readings fo r  that 
hour w hereas the data beginning with 1915 represen ts the average value for  the 
preced in g  hour, A sum m ary of the tabular base changes fo r  the data is given 
in Table 2. The data fo r  1952 w ere actually  supplied as m illim eter  sca lin gs 
rather than absolute values, but the items in this table refer to the calculated 
absolute va lues. *
* See Section 5A.
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T A B L E  2
Sum m ary o f Tabular B ase Values
H orizontal Intensity '
1* January 1, 1902 - D ecem ber 31, 1904 15400 Y
January 1, 1905 - D ecem ber 31, 1952 15000
D eclination
I6h M arch  17, 1902 D ecem ber 31, 1910 29* E.
January 1, 1911 - D ecem ber 31, 1932 30*
January 1, 1933 *• A p ril 31, 1940 29*
M ay 1, 1940 - May 31, 1940 29° 2'
June 1, 1940 - June 30, 1946 29*
July 1, 1946 - D ecem ber 31, 1951 28*
January 1, 1952 - D ecem ber 31, 1952 29°
V ertica l Intensity
l?h January 17, 1905 _ D ecem ber 31, 1906 56400 r
January 1, 1907 - D ecem ber 31, 1912 56000
January 1, 1913 - D ecem ber 31, 1918 55500
January 1, 1919 - D ecem ber 31, 1930 55000
January 1, 1931 - D ecem ber 31, 1952 54500
B esid es the hourly  m agnetic values it was useful fo r  purposes o f checking 
to have the sum  o f the 24 hourly  values fo r  each day. This sum  was printed wit! 
the data from  1937 to date and was supplied fo r  the p er iod  1926 to 1936 in photo­
stat fo rm  by the U. S. C oast and G eodetic Survey. F or the p eriod  b e fo re  1926 
a "m ean su m " was ca lcu lated  by m ultiplying each o f the printed daily m eans 
(w here availab le) by 24. In ca ses  where any o f the hourly  values w ere m iss in g , 
and consequently no m ean value was lis ted , a true sum  was form ed  by adding 
the available values.
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In addition to the m agnetic values it was n e ce ssa ry  fo r  grouping the data 
to have num bers fo r  each day giving in form ation  as to the position  o f sun and 
m oon and the degree o f m agnetic and so la r activ ity . This set o f c la ss  num bers, 
one fo r  each day starting at 18*1 Sitka tim e was prepared  as fo llow s: *
1) Season (sn) -  a two digit odd num ber dividing the year into 24 equal 
p a rts , starting with 01 fo r  the f ir s t  d iv ision  after the winter so ls t ic e .
2) Sunspot c la ss  (R ) -  a num ber from  0 to 11 based on the Z u rich  sunspot 
num bers as fo llow s:
M axim um  sunspot num ber 0 15 25 45 60 80 100 130 170 220 280 Inf.
Sunspot c la ss  0 1  2 3 4 5  6 7 8 9 1 0 1 1
3) Lunar phase (L ) - a num ber from  0 to 11 a ccord in g  to the increasing  
age o f the m ean m oon with two sequences per lunation (i. e . 0 m ay re fe r  to 
either the new m oon or to the full m oon. )
4) Lunar D istance (d) -  a num ber from  0 to 7 a ccord in g  to the distance 
o f the m oon.
5) M agnetic activ ity  (a) -  a num ber from  0 to 9 based  on the International 
daily  m agnetic ch aracter figure C as fo llow s:
a C
0 0 .0
1 0.1
2 0 . 2
3 0. 3 -  0. 5
4 0 .6  -  0. 9
5 1 .0  -  1 .2
6 1. 3 -  1 .4
7 1 .5  -  1 .6
8 1. 7 -  1 .8
9 1 .9  -  2 .0
* These data w ere d erived  and accum ulated by m em bers o f the G eophysikalisches 
Institut, Gottingen under the d irection  o f D r. J, B arte ls .
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As C re fe rs  to the G reenw ich day 0*1 to 24**, w hereas the daily sequences 
here  used re fe r  to the p eriod  18*1 to 18*1 Sitka tim e, or 3*1 to 3*1 G reenw ich tim e, 
the C values w ere adjusted to a llow  fo r  any change o f m agnetic ch aracter betwee 
the G reenw ich day and the adopted Sitka day.
3. Punching o f the Data
The tabular values w ere punched into e le c tr ic  accounting m achine cards 
with each card  containing the data for  one day per elem ent as fo llow s:
1) Column 1 -  The month o f the yea r. e . g. Jan. = Y , F eb . = X,
M ar. a 0 , -----   D ec. = 9.
2) Colum ns 2 and 3 -  Day o f the m onth. (T here was a lso  punched a 
"3 3 " ca rd  containing the m onthly m eans. )
3) Colum ns 2 and 3, row  Y -  These two punches d ifferentiated  between 
the m agnetic e lem en ts, D had a Y punch in 3; V had a Y punch in 2; and H had 
no punch in either.
4) Colum ns 4-75  -  The 24 th ree -d ig it  tabular values with the f ir s t  hour in 
colum ns 4 , 5, 6 up to the 24th hour in colum ns 73, 74, 75. An X punch in the
hundreds position  (4 , 7 , ---------- 73) indicated that the value was negative (less
than the tabular base value) and a Y punch indicated that 1000 should be added
to the three digit value. This m ethod o f  punching four digit num bers into a 
th ree -d ig it  fie ld  was p oss ib le  as no tabular values exceeded  1999. If the 
tabular value was m issin g  the colum ns w ere le ft blank.
5) Colum ns 76-80 -  The true sum , or  "m ean sum " if the fo rm er  w ere 
not availab le.
-  10 -
6) Columns 75-80 -  The year was indicated by a b inary  code in the Y row . 
e . g. fo r  1952, (5 2 )10 = (110100)2
The m onth, day, 24 va lu es, and sum  w ere keypunched; the elem ent and 
year cod es w ere gangpunched on a 513 rep rod u cer . The m onth, day and sum 
w ere checked  on a verify in g  m achine.
At the sam e tim e that the punching was done a listing was m ade o f the 
card s with m issin g  values and o f those with values over 999.
In addition to the p rim a ry  set o f cards (A ) a secon d  set o f cards (B ) was 
punched containing the cla ss ify in g  num bers as fo llow s:
1) Columns 1 and 2 -  The year reckoned  from  1900.
2) " 3 -  Nfonth o f the year as on Set A .
3) " 4 and 5 -  Day o f the month.
4) " 6 and 7 -  Season num ber (sn ).
5) " 8 -  Sunspot c la ss  num ber (R ).
6) " 9 -  Lunar phase num ber (L ).
7) " 10 -  Lunar distance num ber (d).
8) " 11 -  M agnetic activ ity  num ber (a).
Set B was checked d ire ctly  on the verify ing  m a ch in e .
The total tim e taken in punching set A  and verify in g  the m onth, day and 
sum  (88 colum n punches per ca rd ) was about 1540 hou rs. A s there w ere about 
4 ,5 0 0 ,0 0 0  key puj&ches in v o lv ed  this would average about 3000 keypunches per 
hou r. This is  con sid erab ly  le ss  than the 8000 estim ated on the basis  o f stra ight­
forw ard  punching rates quoted by IBM but is not unreasonable for  data o f the 
p resen t kind.
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4 . V erifica tion  o f the M agnetic Values
The p roced u re  used  to ch eck  the punched hourly  rhagnetic data was to 
com pare  the sum s o f the 24 values with the punched true sum  or m ean sum .
The d ifferen ce  o f the fo rm e r  sum s should be exactly  ze ro  while that fo r  the 
la tter , due to rounding o f the last digit in the daily  m eans, should be not m ore  
than 12. A  407 accounting m achine* was em ployed fo r  this p urpose.
At the outset o f the operation  it appeared that the 407 could  p erform  the 
addition without reproducing part o f the data onto another ca rd . H ow ever, it 
was found that the m ethod o f  indicating fou r -d ig it  values (punching a Y in the 
sam e colum n that an X is used to indicate a m inus sign) m ade this im possib le  
so  that two card s per day w ere needed. The reproduction  o f the last 12 values 
onto a new ca rd  was done on a 513 rep rod u cer at the sam e tim e as the gang- 
punching o f  the year and elem ent co d e s . The reprodu ced  set (Set A ')  then co n ­
tained the m onth, day, elem ent, and year code as in Set A  but the last 12 hourly 
values appeared in colum ns correspon din g  to the f ir s t  12 values o f set A 
(colum ns 40-75  w ere then blank). The reproduction  was se lf checking by a set 
o f com paring  m agnets and the gang punching was checked  by looking at the last 
ca rd  o f each group. Set A was a lso  given a Y punch in colum n 12 to distinguish 
it from  set A '. Sets A and A ' w ere then m erged  on a collating  m achine, each 
ca rd  o f  set A ' appearing behind the correspon d in g  card  o f set A . This operation  
was checked  by noting the ord er  o f the last pair o f ca rd s fo r  each year as they 
cam e from  the co lla to r .
* Use o f  IBM m achines for  this phase o f the w ork was kindly perm itted  by the 
27th Statistica l S erv ices  F light, E lm endorf A ir  F o rce  B ase , A nchorage, A laska.
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A 407 A ccounting M achine was then w ired*  to p e r fo rm  the addition o f the 
24 daily  va lues. This operation  took two read cy c le s  (using the sam e digit 
s e le c to rs  on each c y c le ) , four cross foo tin g  c y c le s , and one cy c le  to take the 
d ifferen ce  between the c ro ss fo o te d  sum  and the punched sum  fo r  a total o f 
seven  m achine cy c le s  per pair o f ca rd s . There was then printed  the month and 
day nu m bers, the 24 hourly va lu es, the ca lcu lated  sum  o f the 24 va lues, the 
punched sum and the d iffe ren ce . As it was im p ossib le  to take the Y punches 
in the hundreds positions into account, the d ifferen ce  was in crea sed  by 1000 
N when there w ere N fou r-d ig it  values appearing in a ca rd  p a ir . The fo u r -  
d igit ca rd s  w ere then ea sily  located  and rem oved  from  the set for  sp ecia l 
p ro ce ss in g .
The printed resu lts w ere then used to find and c o r r e c t  e r r o r s  in the 
orig in a l punching.
The total tim e requ ired  to punch and v er ify  both sets o f  data (A  and B ), 
with 21% o f the punching ver ified  d ire ctly  and the rem ainder by the above 
sum m ation, am ounted to about 2020 hou rs. As about 4 . 33 x 10^ colum ns o f 
in form ation  w ere p rodu ced , this is about 2000 keypunches per w orking hour.
If the data w ere a ll v erified  d irectly  on a verify in g  m achine, the rate would 
have been one half o f the actual punching rate or 1470 per hour. H ence a 27% 
saving in tim e was ach ieved  in the ov era ll operation by this method of verifi­
cation .
* The board  w iring fo r  this operation  was done by M aj. C. J. Winnie o f the 27th 
Statistical S erv ices  Flight and V. B. M ulley o f the IBM C orp.
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The p oss ib le  disadvantages o f checking by this m ethod a r ise  f ir s t  from  
com pensating e r r o r s  and secon dly  from  the e r r o r s  whose e ffe ct , where the 
m ean sum s w ere used, was to give a total within 12. F or those card s in which 
true sum s w ere used only the com pensating e r r o r s  are  p o ss ib le . H ow ever, 
as the p robab ility  o f  an e r ro r  is sm all, the chances that there would be two 
equal and opposite  e r r o r s  on the ca rd  is  n eg lig ib le . A count o f the e r r o r s  in 
2 /3  o f the data (H and D) shows that there was a total o f about 7 punching e r ro r s  
per 10,000 th ree -d ig it  num bers. A  sam ple com p osed  o f V cards for the years 
1927-1951 (for which true sum s w ere available) showed that the num bers o f 
e r r o r s  in punching that resu lted  in d ifferen ces  no greater than 12 and hence not 
detectable in the data 1902-1925 (m ean sum s only) was about 3 in 10 ,000. From  
this it m ay be estim ated that in a ll o f the data from  1902 through 1925 there are 
only 200 undetected e r r o r s  none o f which d iffer  m ore  than 12 from  the actual 
value. There w ere only 7 e r r o r s  m ade by the 407 Accounting M achine fo r  a ll 
o f the data.
5. Other P re lim in ary  O perations
At this point in the p ro je c t  it was n ecessa ry  to p er fo rm  various p re lim ­
inary operations on the punched data to get it into final fo rm  for  the analysis . 
F or these one needed to con s id er  in detail each step o f the calcu lation  with the 
particu lar m achines available at the Watson S cientific Computing L aboratory  
w here the group sum s w ere to be m ade. O riginally  it was thought that it m ight 
be d esirab le  to ca lcu late the harm onic coe ffic ien ts  for  a ll three elem ents for  
each day and enter these onto the cards containing the c la ss ifica tion  m ateria l
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(set B). T hese card s could  then be sorted  and added in various com binations 
o f the daily  ch a ra cteriza tion  nu m bers. H ow ever, an estim ate o f  the tim e r e ­
quired  fo r  this operation  on the best equipm ent availab le (C ard P rogram m ed  
C alcu lator, M odel II) exceeded  a thousand m achine hours and was hence d is ­
card ed . A second  m ethod con s id ered , which would sim p lify  the further analysis 
by reducing the num ber o f d ig its , would be to punch su ccess iv e  hourly d ifferen ces 
and then derive  harm onic coe ffic ien ts  fo r  these. H ow ever, an investigation o f the 
m achine tim e requ ired  showed this a lso  to be im p ra ctica l. The reasons why the 
above approaches would have requ ired  such long calcu lation  tim es involved two 
fa c to rs . The f ir s t  o f these was that the daily  ch aracterization  num bers re fe rre d  
to the "adopted" day beginning 18^ Sitka tim e o f the prev ious day. Thus any 
calcu lation  on each ca rd  o f the orig in al set requ ired  that in form ation  be stored  
from  one ca rd  to the next. Secondly, operations in which resu lts  are sum m ary 
punched for  each  ca rd  cannot exceed  30 card s per m inute. The m ethod then 
decided  upon was to tran sfer the data fo r  each "adopted" day d ire ctly  to card s 
containing the cla ss ify in g  inform ation  using a reproducing punch (100 cards per 
m inute) and then fo rm  the group sum s from  these.
With the p roced u re  in m ind it was then p oss ib le  to get the orig in al 
punched data into final fo rm  for  tran sferen ce  to the working ca rd  set. The 
various operations leading to this w orking set are d escr ib ed  below .
- 1 5 "
A. Conversion of the 1952 Data
The 1952 data were given in the form of hourly millimeter scalings, 
the daily sums of these scalings, and a list of the scale and base line 
changes for the year. The cards were punched with these millimiter 
scalings identically as if they were absolute values as in set A, except 
that the X punch for minus numbers was overpunched in the units position 
rather than the hundreds position. This was done so that the conversion 
to absolute values could be on an electronic calculator which has auto* 
matic sign control for X punches in the units position. However, two 
602-A calculating punches were used as they were more available at the 
time. The procedure was first to check the original punching by adding 
across the cards as before, to convert these to absolute tabular values, an 
finally then to check the conversion by a similar addition of the hourly 
values,
The formula for the conversion of the hourly millimeter scalings is
TV  «  S d  t  ( 8 - T B )
where TV = tabular value to be punched,
S = scale value, 
d = ordinate in millimeters, 
B = base line value,
and TB = tabular base
For the conversion of the daily sums the above formula becomes
T V
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H ow ever, as each o f the tabular values was rounded to three 
d ig its their sum  could  not be expected  to equal exactly  the converted  
daily  sum . Thus as the m axim um  uncertainty in each o f the 24 T V 's  
and a lso  o f the converted  sum is + 0. 5 units, there is a p oss ib le  
d ifferen ce  o f 13 between the true sum  and the con verted  sum . The 
checking by addition could  thus only detect e r r o r s  o f con vers ion  
resu lting in d ifferen ces  greater than 13.
The details o f the con version  and checking operations are  as 
fo llo w s :
(1) The A ' set containing the last 12 hourly  values for  
each card  was prepared  on a reproducing  punch as b e fo re .
(2) Sets A  and A ' w ere then m erged  on a co lla to r  with 
each card  o f A ' fo llow ing the correspon din g  ca rd  o f A .
(3 ) A  602-A  plugboard was w ired  to add the 12 values on 
the f ir s t  ca rd  to the 12 values on the second  ca rd , add these 
12 sum s together, subtract the punched total, and then punch 
the resu lt on the second  card .
The m erged  card s w ere then run through the 602-A  
ca lcu la tor .
(4) The checking and co rre ct in g  o f e r r o r s  was then done 
by sorting out the A ' set by the identifying X punch in colum n 
22 and needling them to determ ine d ifferen ces  which w ere
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not z e ro . This was p oss ib le  for  this part o f the data as a ll 
o f the sum s w ere exact. The card s  containing the e r r o r s  
w ere then rem oved  and co r r e c te d . The A ' set was then 
d iscard ed .
(5) The co rre c te d  values o f  Set A w ere reprodu ced  onto 
two sets o f cards which w ill be r e fe r r e d  to as A j and A^.
A j contained the m onth, day, f ir s t  tw elve values o f each  A 
ca rd  (colum ns 3 -39) and the sum (colum ns 76 -80 ). Set A % 
contained the m onth, day, and the last tw elve values (colum ns 
3 -3 9 ). Sets A j and A 2 w ere then m erged , with each A^ fo llo w ­
ing the correspon din g  A j .
(6) A set o f m aster ca rd s was keypunched each containing 
the base line and sca le  values and the date on which these 
changes o ccu rre d . These w ere then m erged  with the A j A^ 
set, each m aster ca rd  p reced ing  those to which it re fe rre d .
(7) Three 602-A  plugboards w ere then w ired to con vert the 
data to the requ ired  absolute va lues. The constants w ere read  
from  each m aster ca rd  for  use on the follow ing set o f detail 
ca rd s . Then the f ir s t  s ix  values w ere read  from  the detail 
ca rd  into storage units and m ultip lied  by the sca le  value. The 
base line constant was added to the product and the sum then 
tested to determ ine whether it was p ositive  or negative. A + 5
.  18
digit was read  into the counter position  to be dropped accord in g  
to the resu lts o f this negative balance test. The rounded th ree - 
digit values w ere then punched into colum ns 4 0 -57  with an X 
value in the hundreds position  if  negative. The card s  w ere run 
through a secon d  tim e with the calcu lation  done as b e fore  but 
with the second  s ix  values read from  the detail ca rd s and the 
resu lt punched into colum ns 58 -75 .
A third plugboard was w ired  to con vert the punched sum  
by reading from  A j ,  m ultiplying by the sca le  value, adding 
24 tim es the base line constant and punching the resu lt in colum ns 
76-80 o f A 2.
(8) The converted  values w ere then reprodu ced  onto another 
set o f ca rd s producing a new A and A ' set. Checking o f the 
con version  was done by adding the 12 converted  values o f each 
ca rd , subtracting the converted  sum  and punching the d ifferen ce  
in the A 1 set. The latter set was then rem oved  and the d ifferen ces  
tabulated on a 405 accounting m achine. T hose d ifferen ces  greater 
than 13 w ere checked  and the values c o rr e c te d .
B . R em oval o f Erxtraneouaf ‘Cat* as
As it was decided  to rep rod u ce  the data from  the orig in al set 
onto card s containing the c la ss ifica tion  m ateria l b e fore  sum m ing, 
the A ' set was no longer usefu l and was consequently  sorted  from  the 
A  set and d iscard ed .
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It was orig in a lly  thought that the m onthly m ean card s would 
fo rm  a basis fo r  crossch eck in g  the punching o f the orig in a l A  set 
w here the m onthly sum s w ere not availab le . H ow ever, as the checking 
operation  p roceed ed  it was found not worthwhile to set up the m achines 
fo r  finding the few  rem aining e r r o r s .  These ca rd s (33 punches in 
the day fie ld ) w ere rem oved  from  the A  set on a co lla to r .
C. Four Digit Values
During the checking o f  the punched values using the printed d if fe r ­
en ces , those cards containing four digit num bers (about 400) w ere 
m anually pulled out and kept together. The use o f the hundreds position  
in each fie ld  fo r  both m inus num bers (X  punch) and fou r -d ig it  values 
( Y punch) p roved  a d ifficu lty  as the m achines had no m eans o f d istinguish­
ing betw een X and Y punches. It was decided  to indicate fou r-d ig it  
values by either an X or  Y punch in the tens position  o f each fie ld  
(the se le c to rs  in the 418 adding m achine w ere p icked  up by either X 
or  Y im pu lses). This was read ily  done on those cards that did not 
contain negative num bers by transferin g  the punches on a rep rod u cer . 
This involved running each set o f ca rd s through four t im es, rep rod u c­
ing s ix  values in each run. Those card s  containing negative as w ell 
as fou r-d ig it  values w ere run through a rep rod u cer  which punched only 
the n u m erica l f ie ld s , after which the X and Y punches w ere then entered 
in the p rop er p laces on a keypunch.
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These m odified  card s w ere then rep laced  in the orig in al set by hand. 
This operation  was done m anually rather than on the co lla tor  not only 
because o f the sm all concentration  but a lso  because the co lla tor  would 
not distinguish between the Y, X, and O punches used  in colum n 3 for 
the months January, F ebru ary , and M arch .
D. Interpolation o f M issing Values
Another p rob lem  to con s id er  was that sev era l hundred o f  the cards 
contained blank fie ld s  due to the absence o f  data fo r  these h ou rs. The 
re co rd s  w ere incom plete due to either exceptional m agnetic disturbance 
or  to the tem p orary  suspension o f observations during instrum ent ad just­
m ent o r  fa ilu re , the latter being m ore  frequent in the ea r lie r  data. In 
the sum m ing operation  blank colum ns would appear as z e ro  so that it 
was n e ce ssa ry  either to in sert a m ean value or d isca rd  the ca rd s . It 
was then decided  that it would be d esirab le  to interpolate where one or 
two consecutive  values w ere m issin g  but to d isca rd  those ca rd s  co n ­
taining m ore  than two. As there was no convenient way either to rem ove 
the cards or interpolate by m achine m ethods, it was n e ce ssa ry  to perforrr 
both o f these operations m anually.
A  listin g  o f those days containing m issin g  values was m ade from  the 
data and those card s for  which interpolation  was p oss ib le  w ere rem oved  
from  the set. The values w ere lin early  interpolated  and the ca rd s  put 
back  in the p rop er sequence.
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The rem ova l o f data in which m o re  than two con secu tive  values 
w ere m issin g  and hence not interpolated  could  not be done on the A set 
due to the shift o f data from  set A to set B . F or exam ple any data m issing 
in the interval 19^ to 24*1 Sitka tim e fo r  day D requ ired  the pair o f cards 
fo r  that elem ent for  day D + 1 to be d iscard ed  but would not e ffe ct  day D. 
Thus the A set was kept intact and the listing  o f m issin g  values was used 
to rem ove card s  from  set B.
At this point the orig in a l punched set A was p ra ctica lly  ready for 
the tran sfer o f data to the w orking set B. H ow ever, m any ca rd s had 
been rem oved  and rep laced  from  the orig in a l set, m ostly  by hand, for 
checking, for  interpolating, e tc . To ch eck  for  m issin g  ca rd s , duplicate 
ca rd s , and cards out o f o rd er  it was thought adequate to make a ca rd  fo r  
ca rd  com p arison  between the H, D, and V sets . This com p arison  was 
m ade on a 519 rep rod u cer  by w iring from  the com paring and gangpunch 
brushes o f colum ns 1, 2, and 3 to correspon d in g  com paring m agnets.
The H and D se ts , being the longest s e r ie s , w ere com p ared  f ir s t , and 
then the co rre c te d  D set was com pared  with V.
E. P reparation  o f Set B
The orig in al punched set B contained only the date and the eight 
daily  ch aracterization  num bers. As the m agnetic data w ere to be tra n s­
fe rre d  to ca rd s containing these num bers there needed to be two card s 
per day or a total o f s ix  sets reprodu ced  from  the orig in a l. These se ts ,
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which shall be designated H j, H£, D j,  D2 , V j ,  V^, w ere to be identical 
in the date and ch aracterization  num bers but with punches to d ifferentiate 
between the elem ents H, D, V and the part o f the day (su bscrip t 1 -  f ir s t  
half; 2 * second  half). In addition punches w ere added to indicate the 
average y ea rly  so la r activ ity  (see  section  6) and others to indicate 
whether the data re fe rre d  to average or  instantaneous va lues. The 
details o f the punching is given as fo llow s:
Column 12 -  X punch fo r  f ir s t  half o f Day (H j, D j, V j) .
" 22 -  X punch fo r  secon d  half o f  Day (H2 , D£, V ^ ).
" 78 -  A verage yea rly  so la r  activ ity  2 , 4 , o r  6.
" 79 -  X to indicate instantaneous va lu es, 1 to indicate
hou rly  a vera ges .
" 80 -  H orizontal intensity = 1; D eclination  = 3; v ertica l
intensity = 5.
The above num bers w ere em itted into the s ix  sets in addition to the 
com m on  inform ation  in the f ir s t  11 colum ns. A ctually  s ix  new sets w ere 
fina lly  m ade as the orig in al B set becam e so  w orn that it was thought 
that d ifficu lty  m ight be encountered if  it w ere used in the subsequent 
op eration s. Due to frequent card  jam s when reproducing two o f the 
se ts , it was found n e ce ssa ry  to m ake a card  for  ca rd  sequence check  
o f these sets against their correspon din g  A set ca rd s . This ch eck  a lso  
indicated any om iss ion s , duplications or  sequence e r r o r s  in the B set.
The hourly  m agnetic values o f set A  w ere then punched into the six  
B sets as fo llow s:
Run 1 -  Values 19 through 24 for  day D o f set A w ere reprodu ced  into 
the f ir s t  s ix  positions o f sets B j (colum ns 24 through 41) for  day D + 1
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Run 2 - Values 1 through 6 fo r  day D o f set A w ere reprodu ced  into 
the secon d  s ix  positions o f sets B j (colum ns 42 through 60) fo r  day C 
Run 3 -  Values 7 through 12 fo r  day D of set A w ere reproduced  into 
the f ir s t  s ix  positions o f sets B^ (colum ns 24 through 41) fo r  day D, 
Run 4 -  Values 13 through 19 fo r  day D o f set A  w ere reproduced  
into the next seven positions o f sets B^ (colum ns 42 through 63) for  
day D.
The above operations then resu lted  in two card s per elem ent per 
adopted day with 25 hourly  values starting with 19** Sitka tim e. * This 
group o f operations was in general checked  d ire ct ly  by com paring 
m agnets from  the resp ective  com paring and gangpunching bru sh es.
The only variation  used was in the p ro ce ss  o f tran sferrin g  the last six  
num bers from  the A card  fo r  day D to the f ir s t  half o f card  B j for  day 
D + 1. In this operation  the B cards w ere fed in one ahead o f the A ca rd s . 
While the punching and com paring p roceed ed  n orm ally  the only way to 
ch eck  whether the data was being tra n sferred  to the proper ca rd  was to 
com p are  the date (month and day) o f the ca rd  at the gangpunch brushes 
with the one at the reproducing b ru sh es. The p rev iou sly  entered  set o f 
punches in colum ns 78 and 79 was a lso  checked  during the tran sfer 
operations by com paring the punched values with em itted p u lses , w iring 
fo r  the latter being changed frequently as needed.
* F or the average hourly va lues, which com p rise  at lea st th ree-qu arters  
o f the data, the num ber given fo r  19*1 rep resen ts  the average from  18*1 to
19h.
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The card s containing m issin g  (n on -in terpolab le ) data w ere then 
rem oved  m anually accord in g  to the p rev iou sly  prepared  lis t . The origina 
num ber o f ca rd s w ere 18627 (H), 18554 (D) and 17515 (V ). Of these 307 
(H), 197 (D) and 264 (V ) w ere rem oved . To ch eck  that the sets w ere then 
ready fo r  the form ation  o f group sum s a c a r d - fo r -c a r d  com p arison  of 
the com m on in form ation  was m ade between the two sets fo r  each elem ent.
6 , Grouping o f the Data
The grouping o f the data was done so as to take into account a ll fa ctors  
affecting  the lunar and so la r  daily  varia tion s. A d ecis ion  as to the s ize  of 
each group was m ade on the basis  o f the estim ated magnitude o f the com ponent 
sought and the probable e r r o r  o f the determ ination . The magnitude m ay be 
estim ated both from  p rev ious w ork  on the Sitka data and by extrapolating 
resu lts  at other stations. The probable e r ro r  m ay be likew ise estim ated from  
past w ork , but as its magnitude is a resu lt o f random  or n on -p eriod ic  variatiom  
this is m ore  uncertain . W here doubt ex isted  the tendency was to keep the 
groups sm all as it rem ained  p oss ib le  to com bine the resu lts if the probable 
e r r o r s  fo r  single groups w ere found too la rg e . The la rg est probable e r ro r  
usually allow ed in w ork o f this type is on e-th ird  the magnitude o f the resu lt 
found .
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T o m ake groupings o f  the data accord in g  to the various c la ss ifica tion  
num bers it was n e ce ssa ry  to determ ine the d istributions o f these num bers 
within the se ts . As the years w ere divided into 24 equal seasons one could  
assum e that there would be an even d istribution  o f this p aram eter. L ikew ise 
the lunar phase and distance num bers would be rather evenly divided in any 
large group o f data. H ow ever, a count was taken o f the num ber o f days o f 
each o f sunspot c la ss  num ber and o f each m agnetic activ ity  num ber within each 
o f their resp ective  groups.
The m ethod o f  finding the frequency  d istribution  o f num bers within a 
given set o f ca rd s was to w ire an accounting m achine (in this ca se  a type 405) 
to accum ulate the num ber o f digits punched in a p articu lar colum n and print out 
the total when im pulsed  by a particu lar ca rd . This was done by channeling the 
d igits through a fie ld  s e le c to r f the outlet hubs o f which w ere w ired  to the 
pickup hubs o f p ilot s e le c to rs . The hubs o f these se le c to rs  w ere then used 
as sw itches to a llow  a 1 pulse to add into counters if the correspon d in g  se le c to rs  
w ere tra n sferred . One counter was used to accum ulate the total num ber o f card . 
Thus the num ber printed from  the last counter should be the sum  o f the totals 
fro m  the oth ers . The speed o f this operation  was slightly  le ss  than 150 cards 
per m inute.
The f ir s t  d istribution  determ ined was that for  the m agnetic c la ss  num bers 
a. F or  conven ience o f checking the sum  ca rd s w ere p laced  after each yea r. 
A fter com pleting this run the w iring was changed to read in the sunspot c la ss  
num bers and another run was m ade. In this ca se  the 11 punches for  the high 
sunspot c la ss e s  w ere not counted as the 405 does not recogn ize  Y punches.
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When the checking o f totals was done fo r  the above, it was apparent that
som e o f the s e le c to r s , e sp ecia lly  fo r  the eight d ig it, w ere not tran sferr in g .
H ow ever, as only a general idea o f the distribution  was req u ired , and as the
num ber o f  eights cou ld  be estim ated from  the d iffe ren ce  between the tota ls ,
the resu lts  w ere le ft inexact.
The percentage d istribution  o f the a num bers in each year was found to
rem ain substantially constant over the 51 y e a rs , the m axim um  being generally
in the group a = 4. The distribution  o f R  c la ss  num bers was m uch m ore
variab le  over the p eriod ; the m ost abundant group ranged from  0 fo r  yea rs  o f
sunspot m inim um  to 7 o r  8 during years o f high so la r  activ ity . It was a lso
found that while there w ere p ra ctica lly  no days in the le ss  active  years with
a high R num ber, there w ere a num ber o f days in the active  sunspot years
with a low  R num ber. As the m agnetic variations m ight depend on the general
condition o f the sun rather than on the sunspot c la ss  num ber for  a given day,
it was thought d esirab le  to put a num ber on each ca rd  to indicate whether the
year was one o f low , m edium , or high sunspot activ ity . The num bers (M) 2,
4 , 6 w ere then assigned  to the card s o f a particu lar year a ccord in g  to the m ean
y ea rly  sunspot num ber as given in Table 3 . The d iv ision  is m ade as fo llow s:
M Mean sunspot num bers Number o f years  p er group
2 1 - 3 0  17
4 3 1 - 6 4  18
6 65 -  152 16
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T A B L E  3
Year Annual Mean Sunspot Number Y early  Clas
1902 5
M
2
1903 2 4 2
1904 4 2 4
1905 64 4
1906 54 4
1907 62 4
1908 4 8 4
1909 4 4 4
1910 1 9 2
1911 6 2
1912 4 2
1913 1 2
1914 1 0 2
1915 4 7 4
1916 5 7 4
1917 104 6
1918 8 1 6
1919 64 4
1920 38 4
1921 2 6 2
1922 14 2
1923 6 2
1924 1 7 2
1925. 4 4 4
1926 64 4
1927 69 6
1928 78 6
1929 65 6
1930 36 4
1931 2 1 2
1932 1 1 2
1933 6 2
1934 9 2
1935 36 4
1936 30 6
1937 114 6
1938 11 0 6
1939 89 6
1940 6 8 6
1941 4 8 4
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T A B L E  3 (C ont'd )
Y ear Annual Mean Sunspot Number Y early  C lass
1942 3 1
M
4
1943 16 2
1944 1 0 2
1945 3 3 4
1946 9 3 6
1947 152 6
1948 136 6
1949 135 6
1950 83 6
1951 6 9 6
1952 3 1 4
Having punched the M num bers into the card s and rem oved  those with 
m issin g  data the H| set was sorted  into twelve groups accord in g  to the sunspot 
c la ss  num ber. These w ere then run through the 405 m achine w ired  to obtain 
the d istribution o f the m agnetic activ ity  num bers a within each R group. Table 
4 gives the resu lt o f this run.
T A B L E  4
Distribution o f M agnetic A ctiv ity  Num bers Within Each R Group
Slim*
Rn
L
" 0 1 2 3 4
(H i)
5 6 7 8 9 Total
0 181 391 276 610 660 329 117 58 28 8 2658
1 153 317 261 557 632 341 120 60 34 13 2488
2 110 211 201 422 524 267 96 57 33 8 1929
3 174 332 272 669 823 426 164 100 67 14 3041
4 99 182 157 444 518 270 116 80 29 25 1920
5 107 212 169 448 527 309 119 80 41 30 2042
6 54 138 118 368 429 225 73 59 30 18 1512
7 58 144 126 316 380 223 98 52 36 21 1454
8 35 78 85 211 206 115 50 42 25 17 864
9 7 16 30 99 91 40 24 7 12 3 329
10 0 2 2 20 23 9 3 5 3 2 69
11 0 0 0 2 5 5 1 1 0 0 14
978 2023 1697 4166 4818 2559 981 601 338 159 18320
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The w iring was then changed to obtain the d istribution  o f  M num bers, 
the resu lt being given in Table 5 ,
T A B L E  5
D istribution  o f M N um bers Within Each R Group
(H'|)
R 2 4 6 Total
0 2493 162 3 2658
1 1761 679 48 2488
2 876 931 122 1929
3 683 1823 535 3041
4 151 1070 699 1920
5 58 909 1075 2042
6 30 478 1004 1512
7 10 306 1138 1454
8 0 88 776 864
9 0 6 323 329
10 1 0 68 69
11 0 0 14 14
Sums 6063 6452 5805 18320
With this in form ation  it was p oss ib le  to divide the data suitably* This 
was done so that the num ber o f ca rd s in each  group sum  sequence would in 
general be greater than 40 but le ss  than 200, The various groupings are given 
in Table 6 .*
* A  parenthesis around a se r ie s  o f  num bers indicates that the corresponding 
groups w ere com bined . When no num bers appear in a p articu lar colum n, no 
d iv ision  was m ade on this param eter.
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T A B L E  6
(1) Magnetic activity at freauloos; a.»»p
Index sn R L  d a
0001-0024 01-47 0
0025-0048 1
0049-0072 2
0073-009S 3
0097-0120 » 4
0121-0144 5
0145-0168 6
0169-0192 7
0193-0216 8
0217-0240 " 9
M
(2) Sunspot activity at 24 d ifferent season s ; R -sn
0251-0274 01-47 0
0275-0298 1
0299-0322 2
0323-0346 3
0347-0370 " 4
0371-0394 5
0395-0418 " 6
0419-0442 7
0443-0466 " 8
0467-0490 9
0491-0514 " 10
0515-0538 " 11
(3) Sunspot activ ity  (6 R groups and 3 M groups) and m agnetic activ ity  (2 
grou ps) at 8 o r  few er season s ; R -M -a -s n
0600-0602 (4 7 ,1 ,3 ) 0
0603-0605 (5 ,7 ,9 ) 0
0606-0608 (1 1 ,1 3 ,1 5 ) 0
0609-0611 (1 7 ,1 9 ,2 1 ) 0
0612-0614 (2 3 ,2 5 ,2 7 ) 0
0615-0617 (2 9 ,3 1 ,3 3 ) 0
0618-0620 (3 5 ,3 7 ,3 9 ) 0
0621-0623 (4 1 ,4 3 ,4 5 ) 0
0624-0626 (4 7 ,1 ,3 ) 1
(0 ,1 ,2 )  (3 ,4 )  ( 5 , - 9 )
U
I t
I t
I t
I f
M
!*
or  3
Index sn R L d a M
0627-0629 (5 ,7 ,9 ) 1 (0 ,1 ,2 )  (3 ,4 )  ( 5 , - 9 )
0630-0632 (1 1 ,1 3 ,1 5 ) 1 It
0633-0635 (1 7 ,1 9 ,2 1 ) 1 11
0636-0638 (2 3 ,2 5 ,2 7 ) 1 I I
0639-0641 (29, 31, 33) 1 tl
0642-0644 (35, 37, 39) 1 11
0645-0647 (4 1 ,4 3 .4 5 ) 1 tl
0648-0653 (4 7 ,1 ,3 ) (2 ,3 ) tl 2 ,4
0654-0655 11 11 ( 0 , - 3 )  ( 4 , - 9 ) 6
0656-0661 (5 ,7 ,9 ) I t ( 0 ,1 ,2 )  (3 ,4 )  ( 5 , - 9 ) 2 ,4
0662-0663 1 1 I I ( 0 , - 3 )  ( 4 , - 9 ) 6
0664-0669 (11, 13 ,15) ff (0 ,1 ,2 )  (3 ,4 )  ( 5 , - 9 ) 2 ,4
0670-0671 11 11 ( 0 , - 3 )  ( 4 , - 9 ) 6
0672-0677 (17, 19 ,21) I t (0 ,1 ,2 )  (3 ,4 )  ( 5 , - 9 ) 2 ,4
0678-0679 11 11 ( 0 , - 3 )  ( 4 , - 9 ) 6
0680-0685 (2 3 ,2 5 .2 7 ) M (0 ,1 ,2 )  (3 ,4 )  ( 5 , - 9 ) 2 ,4
0686-0687 11 11 ( 0 , - 3 )  ( 4 , - 9 ) 6
0688-0693 (29, 31, 33) 11 (0 ,1 ,2 )  (3 ,4 )  ( 5 , - 9 ) 2 ,4
0694-0695 11 I f ( 0 , - 3 )  ( 4 , - 9 ) 6
0696-0701 (3 5 ,3 7 , 39) 11 (0 ,1 ,2 )  (3 ,4 )  ( 5 , - - 9 ) 2 ,4
0702-0703 11 11 ( 0 , - 3 )  ( 4 , - - 9 ) 6
0704-0709 (4 1 ,4 3 ,4 5 ) 11 (0 ,1 ,2 )  (3 ,4 )  ( 5 , - - 9 ) 2 ,4
0710-0711 M I t ( 0 , - 3 )  ( 4 , - 9 ) 6
0712 (4 7 ,1 ,3 ) (4 ,5 ) 2
0713-0716 M ft (0 , - 3 )  ( 4 , - - 9 ) 4 ,6
0717 (5 ,7 ,9 ) I I 2
0718-0721 IT I I ( 0 , - 3 )  ( 4 , - 9 ) 4 ,6
0722 (1 1 ,1 3 ,1 5 ) I I 2
0723-0726 11 11 ( 0 , - 3 )  ( 4 , - 9 ) 4 ,6
0727 (17, 19,21) I I 2
0728-0731 11 11 ( 0 , - 3 )  ( 4 , - 9 ) 4 ,6
0732 (2 3 ,2 5 ,2 7 ) 11 2
0733-0736 11 I I ( 0 , - 3 )  ( 4 , - 9 ) 4 ,6
0737 (2 9 ,3 1 , 33) t l 2
0738-0741 11 11 ( 0 , - 3 )  ( 4 , - 9 ) 4, 6
0742 (35, 37, 39) 11 2
0743-0746 I I I t ( 0 , - 3 )  ( 4 , - - 9 ) 4 ,6
0747 (4 1 ,4 3 ,4 5 ) I t 2
0748-0751 11 I I ( 0 , - 3 )  ( 4 , - 9 ) 4 ,6
-  32 -
Index sn
0752-0754 (4 7 ,1 ,3 )
0755-0757 (5 ,7 ,9 )
0758-0760 (1 1 ,1 3 ,1 5 )
0761-0763 (1 7 ,1 9 ,2 1 )
0764-0766 (2 3 ,2 5 ,2 7 )
0767-0769 (2 9 ,3 1 ,3 3 )
0770-0772 (35, 37, 39)
0773-0775 (4 1 ,4 3 ,4 5 )
0776 (4 7 ,1 ,3 )
0777 (5 ,7 ,9 )
0778 (1 1 ,1 3 ,1 5 )
0779 (1 7 ,1 9 ,2 1 )
0780 (2 3 ,2 5 ,2 7 )
0781 (29, 31, 33)
0782 (35, 37, 39)
0783 (4 1 ,4 3 ,4 5 )
0784 ( 4 1 , - 7 )
0785 ( 1 7 , - 3 1 )
0786 *lT>>1O'
3 3 , - -3 9 )
R
(6 ,7 )
M
( 0 , 1 , 2 ) ( 3 , 4 ) ( 5 , - - 9 )
(9, 10,11)
(4) Lunar subgroups (12) fo r  6 m agnetic activ ity  groups and 8 (or  few er) 
sea son s ; L -a -s n
0800-0811 (4 7 ,1 ,3 ) 0 , - -1 1 (0 ,1
0812-0823 (5 ,7 ,9 ) M It
0824-0835 (1 1 ,1 3 ,1 5 ) It tt
0836-0847 (1 7 ,1 9 ,2 1 ) 11 It
0848-0859 (2 3 ,2 5 ,2 7 ) n 11
0860-0871 (2 9 ,3 1 ,3 3 ) it It
0872-0883 (3 5 ,3 7 , 39) tt 11
0884-0895 (4 1 ,4 3 ,4 5 ) tt n
0896-0907 (4 7 ,1 ,3 ) it
0908-0919 (5 ,7 ,9 ) 11 it
0920-0931 (1 1 ,1 3 ,1 5 ) tt tt
0932-0943 (1 7 ,1 9 ,2 1 ) ti 11
0944-0955 (2 3 ,2 5 ,2 7 ) it it
0956-0967 (2 9 ,3 1 , 33) n tt
0968-0979 (35, 37, 39) »t tt
0980-0991 (4 1 ,4 3 ,4 5 ) u tt
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Index sn R L d a M
0992-1003 (4 7 ,1 ,3 ) 0 ,.* 1 1 4
1004-1015 (5 ,7 ,9 ) 1! f 1
1016-1027 (1 1 ,1 3 ,1 5 ) 11 H
1028-1039 (1 7 ,1 9 ,2 1 ) n I?
1040-1051 (2 3 ,2 5 ,2 7 ) f t I f
1052-1063 (29, 31, 33) I I t l
1064-1975 (3 5 ,3 7 , 39) H f t
1076-1087 (4 1 ,4 3 ,4 5 ) f t f t
1088-1099 ( 4 1 , - 7 ) f t 5
1100-1111 ( 1 7 , - 3 1 ) I f I I
1112-1123 ( 9 , - 1 5 , f  1 f t
3 3 ,- -3 9 )
1124-1135 ( 4 1 , - 7 ) I f (6 ,7 )
1136-1147 ( 1 7 , - 3 1 ) f t t l
1148-1159 ( 9 , - 1 5 , I I I t
3 3 ,- -3 9 )
1160-1171 11 (8 ,9 )
(5) Lunar subgroups (1 2 ) fo r  6 sunspot groups (in som e ca ses  subdivided
accord in g  to m ean annual so la r activ ity ) and 4 (or  few er) seasons
1200-1211 (4 3 ,4 7 ,1 , -5 )  0 0, --1 1
1212-1223 (7 ,- - 1 7 )  ” "
1224-1235 (1 9 ,- -2 9 )
1236-1247 (3 1 ,- -4 1 )
1248-1259 ( 4 1 , - 7 )  1 2
1260-1271 (1 7 ,- -3 1 )  " " 11
1272-1283 ( 9 , - 1 5 ,
33— 39)
It
1284-1295 It tl (4 ,6 )
1296-1307 ( 4 3 , - 5 )  (2 ,3 ) 2
1308-1319 (7 , - - 1 7 ) tt
1320-1331 ( 1 9 , - 2 9 ) It
1332-1343 (3 1 ,- -4 1 ) tl
1344-1355 (4 3 , - - 5 )  " » 4
1356-1367 ( 7 , - - 1 7 ) tl
1368-1379 (1 9 ,- -2 9 ) It
1380-1391 (3 1 ,- -4 1 ) tt
1392-1403 (1, - -4 7 ) 6
1404-1415 (4 ,5 ,6 ) 2
1416-1427 ( 4 3 , - - 5 )  " 4
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Index sn R L 1 d a M
1428-1439 (7 , - - 1 7 ) (4 ,5 ,6 )  0 , - 1 1 4
1440-1451 (1 9 ,- -2 9 ) II ft ft
1452-1463 ( 3 1 , - 4 1 ) It ft ft
1464-1475 ( 4 3 , - 5 ) ft ft 6
1476-1487 ( 7 , - 1 7 ) ft It It
1488-1499 (1 9 ,- -2 9 ) n tt tt
1500-1511 ( 3 1 , - 4 1 ) ti n II
1512-1523 ( 4 3 , - 5 ) (7 ,8 )
1524-1535 (7 , - - 1 7 It ft
1536-1547 (19,-*-29) If II
1548-1559 ( 3 1 , - 4 1 ) ft It
1560-1571 ( 1 , - 4 7 ) (9 ,1 0 ,1 1 )  "
(6) Lunar subgroups (12) fo r  2 m agnetic activ ity  groups and 8 lunar distance
groups at 3 Seasons; L -d -a -s n
1600-1695 ( 4 1 , - 7 ) 0 , - -1 1 0 , - 7 (1 ,2 ,3 )
1696-1791 ( 1 7 , - 3 1 ) It It J1
1792-1887 ( 9 , - 1 5 , If It tt
3 3 ,- -3 9 )
1888-1983 ( 4 1 , - 7 ) 11 If (4 ,5 )
1984-2079 ( 1 7 , - 3 1 ) 1 f f 1 f f
2080-2175 ( 9 , - 1 5 , tt ft If
3 3 ,- -3 9 )
The f ir s t  240 groups (a -sn ) w ere se lected  a ccord in g  to m agnetic activity 
(a) and season  num ber (sn ). These groups w ere chosen  not only to show the 
dependence o f the so la r  daily  variation  upon season  and m agnetic activ ity , but 
a lso  to prov ide  sum s which would be useful fo r  checking the later w ork. The 
secon d  set of groups (R -sn ) was se lected  a ccord in g  to the daily  so lar activ ity  
(c la ss  num ber? R) and season , and was used p r im a r ily  fo r  purposes o f checking 
W hereas the a -sn  sum s can be used to illustrate the e ffe ct  o f m agnetic activ ity  
and season on the so la r  daily  variation  the R -sn  sum s would not be so usefu l.
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This is because the e ffe ct  o f the R variation  is com p lica ted  by that o f the m ag­
netic activ ity  on the days o f high a num ber within each R group. Hence to obta: 
a better idea o f the e ffect o f in creasin g  so lar activ ity  another grouping (R -M - 
a -sn ) was made in v/hich the days w ere divided f ir s t  into R grou p s, a few  of 
which w ere com bined , and then into eight season  groups. The seasonal group­
ings w ere m ade in such a way that the equinoxes and so ls tice s  would fa ll as 
n early  in the center o f their groups as p oss ib le . Then as the days o f  m edian 
R num ber (R = 2, 3 ,4 , 5) w ere distributed over years o f w idely d iffe r in g  solar 
activ ity  a further d iv ision  was m ade accord in g  to the M num bers. The resultin  
groups w ere then divided into two or three groups o f m agnetic activ ity  dependin 
on their s iz e . No d iv ision  by M was m ade fo r  the other R groups as they w ere 
se lected  m ainly from  years o f about the sam e so la r  activ ity . F or  the la rg er  
R num bers few er d iv isions w ere n ecessa ry  as the groups contained few er days.
The rem ainder o f the groupings w ere m ade to obtain the sum s needed to 
determ ine the lu n i-so la r  daily  variation . The f ir s t  grouping, L -a -s n , d ivided 
the data into five a groups each in 8 (or few er) season s , and fina lly  into the 
tw elve lunar phase groups. The seasonal d iv ision  for  the la rg er  a groups (a = 
0 -2 , 3, and 4) was e igh t-fo ld  but the a = 5 and a = 6, 7 groups had few er days an 
w ere divided into only three season s. No seasonal d iv ision  was m ade for  the 
a * 8 ,9  group, The d ivisipn o f the year by thirds was m ade so  that the two 
equinoxes w ere com bined  into one group while the winter and sum m er so ls tice s  
form ed  the other two. In a ll seasonal d iv ision s the num ber o f sn groups within 
each yearly  fraction  w ere the sam e.
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The next d iv ision  o f the data, L -R -M -s n , was m ade in the sam e way as the 
set (3) o f R -M -a -s n  grou ps, except that it did not include any m agnetic activ ity  
subd iv ision , and a lso  owing to the extra L subdivision  the other groups could 
not be as sm all. Thus the year was divided at m ost into four parts and m ore  o f 
the R groups w ere com bined.
The last d iv ision  o f the data (L -d -a )  was m ade to determ ine the e ffect o f 
the variab le  distance o f the m oon on the lu n i-so la r  varia tion . Owing to the sma 
m agnitude o f the lunar variation  in the v ertica l fo r ce  the card s w ere grouped on 
the assum ption that only the horizontal intensity and declination  would be analyzi 
in this way. Even so  it was thought p ra ctica l to use only the low  and m edium  
m agnetic activ ity  groups. The lunar distance grouping was e igh t-fo ld .
7. F orm ation  o f the Group Sums
Having prepared  the s ix  working sets o f  cards and decided  upon the groupin 
o f the data it was n e ce ssa ry  to w ire the ca lcu la tors  to p erform  the additions for 
the group sum s and the num bers Nr o f days in each group. In addition it
was n e ce ssa ry  to form  the subnum bers Nr ' and Nr " o f days in each group fo r  
which either instantaneous hourly  values w ere given (Nr ')  or for  which hourly  
m ean values w ere given in the orig in al tables o f data (so  that Nr ' + Nr " = Nr ).
In general this requ ired  the sum m ation o f 12 (sets B j )  o r  13 (sets Bg) m agnetic 
values o f three or four digits plus the ca rd  counts resu lting in Nr ' and Nr " .
The equipment with which the sum m ation was done was a Card P rogram m ed
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E lectron ic  C alculator M odel II (h erea fter re fe rre d  to as the C P C ). This 
particu lar unit con s ists  o f a 418 accounting m achine, a 605 e le ctron ic  ca lcu lato 
a 527 gang sum m ary punch, and two m echanical storage units, the last not bein 
used in this ca lcu lation . O perations to be d iscu ssed  w ill re fe r  to these type 
num bers.
The 418 was used to read  the data from  the ca rd s , fo rm  m opt o f the sums 
and print the renul.ts o ' all CPC operation s. The rern?inder o f the sums had to 
be m ade by the 6C5*
The f ir s t  p rob lem  to he con s id ered  was that o f counter capacity . If one 
assum es the la rgest group to m im ber say 300 d a /s  anrl la rg est average 
hourly  value to be 1000, the number of d igits needed in the sum would be those 
fo r  a total o f 300, 000, that is s ix . If negative values are oncountered there 
n orm ally  m ust be another counter position  available to indicate the sign o f the 
resu lt. H ow ever, as any negative num bers encountered would certa in ly  be le s ' 
than 10 ,000 , six  counter positions should be a ll that would be needed. By 
appropriate counter coupling, the m axim um  num ber o f such colum ns o f values 
that cou ld  be added in the 418 was 12, leaving the 13th value and the ca rd  coun' 
to be added in the 605, The total num ber o f digits that m ight appear in the 
resu lt would be 86, counting N r' as two digits and Nr , Nr " as three each . As 
there are  only 89 type b a rs , an<^  as allow ance m ust be m ade fo r  spacing, eithe
the printing would need to be on two lin es , wnich wouitTtafce an extra program  
step , o r  the num ber o f digits in each  sum would need to be reduced . An 
estim ate o f the probable e r ro r  o f  the resu lts indicated that two digits could
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be rounded from  the with no lo ss  o f  a ccu ra cy . Since the resu lts  might
later need to be com bined  it was thought best to drop only one digit in this 
operation  and perhaps another when the analysis is m ade on the .
The next p rob lem  con s id ered  was a m ethod o f allow ing fo r  the four digit 
values as identified by an X punch in the tens position  o f each fie ld . These 
w ere read ily  a llow ed fo r  by im pulsing the 12-11 pickup o f a p ilot se le c to r  at 
the secon d  brush reading with this X punch to a llow  a 1 digit to read through 
the tra n sferred  side o f the se le c to r  into the fourth counter position  on the 
third reading. Thus each ca rd  was read  e ffe ctiv e ly  as if  it had a four digit 
fie ld .
The last m a jor p rob lem  was that o f the tabular base changes. As only the 
daily  variations a re  significant in this analysis a m ethod frequently used is to 
subtract the f ir s t  value o f each sequence from  each value o f that sequence and 
then fo rm  the group sum s o f  these d iffe ren ces . Not only a re  tabular base 
d iffe ren ces  allow ed fo r  but a lso  the num bers to be h arm on ica lly  analyzed are 
m uch sm a lle r . At the present writing it appears that this would have been 
fe a s ib le , although at the tim e an investigation  o f the p roced u re  erron eou sly  
indicated  that it would have lengthened the calcu lation  con s id erab ly . As there 
w ere two card s per day it would have been n ecessa ry  to m ake a separate run on 
the rep rod u ce??  to punch f ir s t  valve o f  B j onto B^. The 12 (B j)  or 14 (B£) 
r^agnetic valwe* wpuld then be sum m ed and a separate m achine cy c le  taken 
b e fore  totalling the counters to subtract this f ir s t  value from  the oth ers . The
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plugboard w iring fo r  the B j and B 2 sets would need to be d ifferen t, o r  the B j 
set would need the f ir s t  value punched into the sam e position  as in B^.
The m ethod used was s im ila r  to the above except that constants w ere 
added to each card  so  that a ll resu lts w ere adjusted to the sam e tabular base. 
The tabular bases used w ere 15000Y  fo r  H, 54500 7  fo r  V and 28* E for  D. 
No constants w ere added to the horizontal intensity as the punched values 
a lready re fe r r e d  to a base o f 15000 J . A ctually  the data for  the p eriod  
1902-1904 w ere printed re lative  to the base 15400 but 400 If was added 
when the punching was done. The constants K added to the declination  and 
v ertica l intensity fo r  each p eriod  o f the data are  given in Table 7.
T A B L E  7
D eclination  -  28° E
K P eriod  C overed  *
000
600
620
1200
(4) 1946 -  1951
1 902-1910, 1933-<1)1940,(3)1940-(3)1946, 1952
(2) 1940 
1911 -  1932
V ertica l Intensity -  54500 Y
K
000
500
1000
1500
19Q0
1931 -  1952 
1919 -  1930 
1913 -  1918 
1907 -  1912 
1905 t 1906
* N um bers in parenthesis re fe r  to the month in the punched cod e . e .g .  3 = Jun< 
When no parenthesis appears, the years a re  com p lete .
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As the sum m ation was to be done on groupings o f card s not in chronolog ica l 
sequence it was n ecessa ry  to have identification  on each ca rd  fo r  the proper 
constant to be added. O rig ina lly  it was thought that there would be no storage 
space available to p erm it reading the constant K from  each card ; K would then 
need to be em itted from  the digit em itter through suitable se le c to rs  into a 
coun ter. This involved  picking up two fie ld  s e le c to r s , one with each digit o f 
the year num ber, and digit s e le c to rs  to split the months colum ns o f those 
years that needed differentiating between the m onths. These se le c to rs  w ere 
then chain w ired  so that the appropriate tim e in terval p icked  up se le c to rs  to 
provide channels fo r  K. A fter w iring this rather com p lica ted  system , a back 
c ir cu it  appeared so  that the counters did not total p rop er ly . In the subsequent 
checking to elim inate this condition it was noted that there was e ffe ctiv e ly  one 
storage unit in the 605 not in u se , so  that the constants could  be entered d irectl 
from  the ca rd s . Although it was la ter d iscov ered  that the d ifficu lty  was not 
with this section  o f the board  the se le c to r  netw ork was rep laced  and the 
constants gangpunched into the cards (0. 1 K punched into colum ns 6 3 -65 ). Not 
only did this system  sim p lify  checking operations but it elim inated the w iring 
changes that would have been n ecessa ry  fo r  the d ifferent m agnetic elem ents.
The final ca lcu lation  was then done in three 418 p rogram  steps. The X 
and Y punches w ere read  at the second  brush station to provide con tro l fo r  sign& 
and fo\ir-digit values and to im pulse a p ilot s e le c to r  to count the card s co n tr i­
buting to the num bers Nr ' and Nr " a ccord in g  as X (instantaneous value) or 1
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(average hourly  va lues) appeared  in colum n 79* On the third reading the f ir s t  
12 m agnetic values w ere read  into the 418 counters with appropriate sign , the 
13th value was read  into the 605 (F S4)*# a 1 digit was a lso  read into the 605 
(FS1) i f  there was an X in 79 o r  into another 605 unit (FS2) i f  there was a 1 in 
79, and 0 ,1  K was read into the rem aining storage unit (M Q). During 605 
ca lcu late  tim e ** these num bers in fa ctor  storage w ere added to the previous 
sum s in the general storage units and m ultip lier quotient and the resu lts read 
into the la tter . Upon reading a sum m ary ca rd  (X in 77) the m a jor p rogram  star 
was im pulsed . On p rogram  step 1 and the follow ing 605 calcu late tim e the sum 
o f the constants K w ere added to the 13 sum s and the resu lts in the 418 w ere 
balance tested . On the secon d  p rogram  step and follow ing 605 ca lcu late  tim e 
the last position  o f each hourly value was rounded and the num bers in FS1 and 
FS2 w ere added to give the total num ber o f  ca rd s . The third p rogram  step was 
used to im pulse sum m ary punching and to read  out and print the tota ls . The 
sum m ary punched card s contained the 13 sum s (the 13th value was ze ro  for  
sets B j )  o f up to five  digits (colum ns 5 -6 9 ), the number o f X ’ s in 79 (colum ns 
70 -72 ), the num ber o f l 's  in 79 (colum ns 73 -76 ), and the total num ber o f  ca rd s 
(colum ns 7 7 -8 0 )# The s<^me in form ation  was printed plus num bers obtained 
from  the f ir s t  ca rd  o f each group indicating the param eter that was constant 
fo r  that group*
* FS, GS, and MQ designate re sp ectiv e ly  the fa ctor  storage , general 
and m u ltip lier quotient units in the 605,
**  The 60S e le ctron ic  ca lcu lation  cy c le  takes p lace  the end o f each 4? 8 c y c ’ e.
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The sorting fo r  each run was f ir s t  m ade on the so la r  or  m agnetic activ ity  
num bers and then on the other p a ra m eters . The sum m ary card s w ere p laced  
behind each pack by hand fo r  the so la r  runs but w ere punched with appropriate 
group num bers and sorted  with the detail ca rd s for  the lunar runs. A ll o f the 
sorting  into the la rg er  groups was checked  by needling.
A fter each  run the sum m ary ca rd s w ere num bered by hand with the index 
num bers in T a b le 6 '. T his was n e ce s sa ry  as there was no way o f autom atically  
num bering each group as it was run. It was a lso  im p ractica l to p lace  a p r e ­
v iou sly  indexed set in the 527 as there w ere frequent stops during the run due 
to ca rd  jam s o r  p lugboard testing by other CPC u se rs . A fter indexing the 
sum m ary c a r d s » which w ill be designated sets C^ and C21 correspon d in g  to 
B } and B^, the last ten colum ns o f C^ and C% w ere com pared  on a rep rod u cer . 
This com p arison  was genera lly  su fficien t to find sorting or sum m ing e r r o r s ,  
the latter occu rr in g  p r im arily  due to ca rd  jam s in the 418 feed  hopper. Card 
jam s w ere quite frequent during the hot, humid weather in New Y ork  during the 
sum m er o f 1953 so that the operation  took con s id erab ly  lon ger than the basic 
m achine tim e.
Even after extensive testing it was found that certa in  com binations o f  cards 
would produce erron eou s re su lts , but their frequ en cy  o f o ccu rre n ce  was such 
that it was not thought worthwhile to c o r r e c t  them* One o f  these was the fact 
that if  the 13th sum  was negative when totalled , the nine1* com plem ent was 
punched and printed instead o f  the absolute value with a minus sign . As orJy
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one negative value was found, and this not in the 13 th value * this condition was 
le£t uncorrected. The other peculiarity was that if the first card in a group hat 
a four-digit number in both the 13th position and in one or more of the first 12 
positions, then the constant in column 63 (thousands position of K) is multiplied 
by three before being added to the 13th value of the last card of the preceding 
group. Because of the rarity of such an event, and the difficulty of tracing its 
origin, it was also uncorrected* Errors of addition of numbers are to be 
checked by comparing the sums of the various groups# However, as a group 
of test cards was used before each run, it is thought that no gross errors could 
have occurred*
After the summary cards were checked and compared a set of index numbe 
were reproduced from a master sequence set into columns 1-4. These were 
then run through an interpreter which printed the index number, the first six 
sums and the card counts in the last ten columns.
The 418 was then wired to add the first 12 group sums and print the total 
on encountering a summary card (X in column 80), Due to lack of time the 13ti 
value and card counts were not wired as they would have involved the complica* 
tion of passing numbers to and from the 605* The summary cards were then 
added on constant a or R class numbers, whichever happened to be t’ ie -najor 
divisor for that group. The a-sn groups were sorted manually on sn and 
summed on each of these groups. These printed totals will be used to check 
the results as well as to illustrate the general vairations.
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8. M achine T im e
Table 8 g ives the breakdown o f m achine time both by operations p erform ed  
and by installations used . E xcept fo r  the keypunch and v e r if ie r  these are  c a l­
culated on the basis  o f  the num ber o f  ca rd  cy c le s  and the rates o f the particular 
m ach ines. The actual tim e requ ired  fo r  these op era tion s, including plugboard 
w iring and ca rd  handling, was o f c o u rse , con s id erab ly  g rea ter .
T A B L E  9
O peration Type o f  Machine M achine T im e Hou-
1. Punching and 077 Keypunch 1530 hours
D irect verifica tion V erifie r 220 "
2. V erifica tion  by sum m ing 513 R eproducer 9 .1  hours
077 C ollator 3 .8  "
407 Accounting M achine 4 2 .5  "
3. C onversion  o f 52 data 513-519 R eproducer 1. 3 hours
077 C ollator .6  "
602 -  A 11 .0  "
Sorter .3  »
4 , P re lim in a ry  operations Sorter 8. 2 hou r8
C ollator 7 .6  "
405 A ccounting M achine 8 .9  "
513 & 519 R eprod u cers 4 2 ,7  "
5. Summations Sorter 11.3 hours
CPC 89.3  "
Interpreter 3. 3
Total  Machine T im e
1, C ollege, A laska -  punching and verify in g 1750 hours
2. A n ch or?ge , A ".a s ka • farther verf.fi cation 55 hours
3. V/at3ors Sole* it';* c Comnu';*n% L aboratory
Sortars
C ollators
40b Accounting M achine 
513 and 519 R eprodu cers 
Interpreter
2C hov.rp
CPC II 
602 -  A
185 hours 185 hours
TO TA L 1990 hours
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